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Findings from bipolar disorder genome-wide association studies replicate in a Finnish bipolar family-cohort Recently, genome-wide association studies (GWAS) have yielded replicable findings and confirmed previous candidate genes as important factors in non-psychiatric diseases such as type 2 diabetes. 1 However, there has been more controversy of GWAS studies related to bipolar (BP) spectrum disorder and other complex psychiatric traits. Part of the controversy is explained by a small effect of single single nucleotide polymorphisms (SNPs) to the development of these diseases and the difficulty of detecting rare alleles. Also, the diagnosis and lack of measurable physiological parameters in these diseases is still challenging the field. 2 However, three GWAS studies on BP have been published up to date. 1, 3, 4 These recent studies identified several candidate genes but shared only a small amount of findings. 5 In this replication study, our aim has been to elucidate the role of these variants in Finnish BP families.
We have analysed the strongest associating SNPs from the Welcome Trust Case Control Consortium, 1 from Baum et al. and from meta-analysis 5 in a Finnish family-based study sample of BP. From Baum et al. and WTCCC, we selected the best associating SNPs (P-value < 0.0001 and P < 0.000054, respectively) and those SNPs that are located at lithium pathway genes. Altogether we genotyped 26 SNPs in 723 individuals from 180 families with type I bipolar disorder, using Sequenom iPLEX technology. 6, 7 We studied the patients' phenotypic association using dichotomized diagnostic classes of bipolar type I disorder and broad mood disorder spectrum as assessed with Diagnostic and Statistical Manual of Mental Disorders, fourth edition criteria. Single SNP and haplotype association analyses were carried out using FBAT 8 coding the unaffected family members as unknown.
Interestingly, we could confirm findings for six associating SNPs: DFNB31, rs10982256, (P < 0.01), SORCS2, rs4411993, rs7683874 and rs10937823, (P < 0.01), SCL39A3, rs4806874, (P < 0.05) and diacylglycerol kinase-Z (DGKH), rs9315885, (P < 0.05). 3, 5 However, no association was seen with SNP rs420259 of PALB2 gene (P = 0.4), which yet mapped the strongest associating genome region in WTCCC study. 1 The association results in Finnish bipolar families are presented in Table 1 .
Interestingly, four SNPs that associated in this study were allelic replications, which further supports the role of these genes as probable players in BP even though the functional variants still remain to be identified. SORCS2 is expressed in the central nervous system, where this receptor is related to act upon synaptic stimuli. 9 All three SNPs from SORCS2 represented the same signal as judged by haplotype analysis. The best signal in this study comes from DFNB31, which remained significant also after correction for multiple testing. It is widely expressed in central nervous system where it might enhance synaptic transmissions. Mutation of this gene cause recessive form of hearing loss. 1, 3 It also gave more significant association in broad mood disorder spectrum making it a candidate gene also in other The associating allele is same as in previous association studies. Bold values signify P < 0.05.
Letters to the Editor psychiatric diseases. In addition, the replicated signal from DGKH is also worth noting because of its crucial role in phosphatidylinositol pathway in lithium signalling. 10 Though many of the tested SNPs did not associate in our study, they may still contribute to the development of this disease. Part of this may be explained by genetic heterogenity between the Finnish and other European populations or the requirement of large sample size needed to find these variants.
It has been challenging to obtain replicable findings in psychiatric diseases using traditional candidate gene linkage and association studies.
2 However, the recent GWA studies have now provided us with new tools for finding the genes that affect these conditions, as shown in this study and thus give us new insight to the pathways and brain systems that are involved in development of psychiatric disorders and give us targets for development of medication. Meta-analyses of linkage studies in schizophrenia have identified genomic regions that most plausibly harbor genes underlying the disorder. 1,2 Although the idea that the actions of these susceptibility genes for schizophrenia may converge in common biological pathways is well supported, little is known about the molecular relationship between the positional candidate genes for schizophrenia. We hypothesized that by analyzing functional interactions of these positional candidate genes, biological pathways involved in the etiology of schizophrenia may be revealed.
HM Ollila
Here we present an analysis using gene expression data of positional candidate genes of schizophrenia and identify modules of co-expressed genes that are likely to be functionally related. For this purpose we used a publicly available gene-expression data set 3 containing data on 19 648 autosomal transcripts collected from peripheral blood lymphocytes of 304 unrelated healthy individuals. We selected the transcripts of genes under the schizophrenia linkage peaks as identified by two well-established metaanalyses. 1, 2 We subsequently selected those transcripts that are expressed in human brain-tissue according to the National Center for Biotechnology Information UniGene database (build 36.3). Lastly, we selected only transcripts with a substantial heritability estimate ( > 0.3) as estimated by Göring et al. 3 This threshold was used as quality measure for the observed transcription levels (HH Gö ring, personal communication). Moreover, transcripts for which the variation of gene expression is to a large degree explained by genetic variation may be stronger candidates for disease susceptibility. Using these criteria, we winnowed down the set of positional candidate genes for schizophrenia from 1602 to a final list of 766 transcripts corresponding to 13 linkage regions on 11 chromosomes. The transcripts are listed in Supplementary Table 1 , together with their genetic location, heritability estimates and brain-tissue expression levels.
The normalized expression data of these 766 gene transcripts were subjected to a weighted gene coexpression network analysis (WGCNA), 4 a systems biology method developed to identify modules of functionally related genes on the basis of their expression patterns. Transcripts within such a module are highly connected, but are much less connected with genes
